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Abstract:  First principle calculation was carried out to study the electronic structures of photocatalysts K Ce,Ta,,04,
K.Ce;Nb,(Oy, and their solid solution compounds, which were all capable of responding to visible light, based on
density functional theory (DFT) within plane-wave pesudopotential (PWP) and generalized gradient approximation
(GGA) method. The calculation results indicated that conduction bands of K,Ce,Ta (05 and K Ce,Nb,,O,, were mainly
attributable to the Ta 5d and Nb 4d orbitals, respectively. Although the unoccupied Ce 4f orbitals had overlapped at the
bottom of the conduction band, they were less effective in transferring electrons and photocatalytic activities for their
high localized nature, while their valence bands were composed of hybridization with the bonding of O 2p+Ta 5d (or
Nb 4d) and occupied Ce 4f orbitals. The contribution of these orbitals to the energy bands affected the electronic
structure of photocatalysts and gave rise to their differences in light absorption and photocatalytic activities. As for the
solid solutions compounds of K,Ce,Ta,;_Nb,Oy (x=2, 5, 8), their band gaps decreased with an increase of the x value
resulting in a corresponding lower reducing ability to evolve H,. The valence band edges in solid solution compounds
were lower than that of K,Ce,Ta;O5% and K Ce,Nb, Oy for the little contribution from occupied Ce 4f. This
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consequently led to the higher oxidize ability. The results of the analysis of electronic structures were in good
accordance with their experimental photocatalytic activities for water decomposition.
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(a) for the 3D model and (b) for the projected scheme on [001] direction
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Fig.2 Partial density of states (DOS) for K,Ce,Ta;;0, (a) and K,Ce,;Nb,,0;, (b)
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derived from measurement on TU-1901 and transferring reflectivity

spectra to absorbance intensity by Kubelka-Munk method
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» evolution O, evolution Band gap BET surface

KCe;Tao b O a(c::r]:gl])a a(c::;:gl]; energy (eV) area(m®-g™)
x=0 13.7 8.9 2.29 1.67
x=2 22 20.2 2.10 1.54
x=5 3.5 16.7 1.94 1.71
x=8 2.1 22.1 1.85 1.33
x=10 4.0 6.9 1.79 2.66

0.2 g powder sample dispersed into 100 mL sacrificial solution; light
source: 300 W Xe lamp equipped with A> 420 nm cutoff filter for 4 h;
a) in solution of 0.2 mol *L! Na,SQ; as electron donor;

b) in solution of 0.02 mol- L™ AgNO; as electron acceptor

FF DFT # PWP 3, X AT LG i 69 6 HE 1k
?f'J KCeT21003 . KCe:NbygOs PA &E [E] féﬂiﬂ:%%
K.Ce,Ta, Nb,Oy(x=5) {1 H, T L5 A E T 55 — P S
HE, HBESH BB 0 1.62.1.13 LK 2.22 eV. Xt
F KiCe,Ta,i035.KiCe,NbyOs, ‘BB F7 EEH Ta
5d(Nb 4d)Z 1, 4b T = RER A TR (G HEA ) Ce 4f
HSHAMRY S MELE, Hb THEE RN, A6k
RAFH S 5O 116 S0 1% 5, TG4
G PERI TTERAR /. T W B O 2p 5 Ta 5d(Nb
4d) WZLBUELLA, [FIRH T &5 JESH) Ce 4f XHAY
WA —E M TTER. BT IR M A R
Bk THAWEM T RMES. E2H T HEHE
THy Ce 4f LK Ta 5d(Nb 4d) 5 O 2p HiE 2 7] (192
ﬂs, i R F AL R BRI B AT W6, X EAT18Y
AR Z S B 2, *ﬁ%ﬁ?&%ﬂ@ﬁ%?ﬁﬂ*ﬁﬁ%
Nb %EB’JWJH HIRBOCTEK IR, 7B
HRARK, D2k i F B8 SR BB T PR A HETEEI 1212
K,Ce,;Ta,..Nb,Oxn(x=2, 5, S)B'j {ﬁ"ﬂi’]ﬁlﬁh J Ce af i‘ﬁlﬁ
BAR /N BT R T (K T KiCeoTa, Oy F K.Ce,Nb,(Os, 5
A 23 I EALBE T AR 2 R S HEALTT Y H
TR A SO CHEA TS A IR A7 ) —BUHE. DLtk
I 75 F R 58— B B ST, 3o rl e
L B B AL ) 28 R AL S B ATLER A BA 5 L
HERFEX
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